A dog histopathologically diagnosed with hepatocellular carcinoma (HCC) showed very high serum alkaline phosphatase (ALP) activity. A supernatant of ascitic fluid and tumor tissue extracted from the dog also showed much higher ALP activity than normal. ALP isoenzyme analysis of samples was perfomed using polyacrylamide gel disk electrophoresis, and a wide, broad abnormal band was observed. By various treatments, the abnormal band showed thermostability, which is a characteristic of tumor-associated ALP that has only been reported in humans. The thermostable ALP isoenzyme was not found in sera from 39 dogs with several types of tumor that originated from the liver, except for HCC, nor was it found in 10 dogs with hepatic diseases that did not include hepatic tumors. The thermostable ALP isoenzyme seemed to be associated with canine HCC. KEY WORDS: canine hepatocelluler carcinoma, polyacrylamide gel disk electrophoresis, thermostable alkaline phosphatase isoenzymes.
In the present study, we observed a tumor-associated abnormal ALP isoenzyme in a tumor-bearing dog with high serum ALP activity using a commercially available polyacrylamide gel disk electrophoresis kit that has been proven useful in canine serum ALP isozyme analysis [6] .
A thirteen-year-old female Shiba dog with abdominal enlargement was brought to the Veterinary Teaching Hospital of Iwate University (VTHIU) for a thorough examination. The dog showed anorexia, diarrhea, and vomiting. A palpable intraabdominal mass was detected, and was observed radiographically and echographically caudal to the liver. In addition, a large amount of ascitic fluid had manifested. Lung metastasis was not confirmed by thoracic radiography. Moderate anemia and neutrophilia were revealed by complete blood count. Serum ALP activity was 9820 IU/ l, and serum alanine transaminase and gamma-glutamyltransferase activities were 285 IU/l and 55.3 IU/l, respectively.
On exploratory laparotomy, a neoplasm was detected originating from the quadrate lobe of the liver with diffuse metastasis in the abdominal cavity. The ascitic fluid contained a large amount of blood exuded from diffused metastatic lesions. The attending doctor concluded that the neoplasm was very malignant and the prognosis of the dog was poor. The patient dog was euthanized with the owner's agreement. As a result of necropsy, a metastatic lesion was also observed in the lung. Histopathologically, the neoplasm was diagnosed as hepatocellular carcinoma (HCC) with diffuse necrosis.
The dog's serum, supernatant of ascitic fluid and tumor tissues from primary liver carcinoma and metastatic lesions of other organ were examined by ALP isoenzyme analysis. In addition, sera were collected from 20 healthy dogs belonging to a dog-training school, and parenchymal liver and cancellous bone tissues were taken from three adult healthy beagles after euthanasia in order to compare the val-ues of ALP activity and isoenzyme with those of the patient dog. Sera was also collected from 39 dogs diagnosed malignant tumors that did not originate from the liver and 10 dogs diagnosed with hepatic diseases, except for hepatic tumor, showing high serum ALP activity (>1000 IU/l). These dogs were presented at VTHIU from January 2004 to March 2005. The 39 tumor cases included lymphoma (n=11), mast cell tumor (n=7), primary lung tumor (n=3), malignant histiocytoma (n=3), transitional cell carcinoma (n=2), hemangiosarcoma (n=2), perianal adenocarcinoma (n=2), mammary gland adenocarcinoma with lung metastasis (n=2), osteosarcoma, prostate gland adenocarcinoma, squamous cell carcinoma, fibrosarcoma, multiple myeloma, seminoma, and sarcoma NOS. The 10 cases of hepatic diseases included chronic congestion from congestive heart failure (n=2), steroid hepatopathy from excess glucocorticoid (n=2), biliary tract disorder (n=2), cirrhosis, and miscellaneous disorders with high alanine transaminase activities (n=3).
Each tissue sample was suspended in physiological saline (2 ml/g), homogenized by ultrasound homogenizer, and centrifuged at 3,000 rpm for 10 min to separate the supernatant. Each supernatant was treated with Triton X-100 (final concentration, 0.2%) (Polysciences, Inc., U.S.A.) and phosphatidylinositol-phospholipase C (PI-PLC, final concentration 0.02 U/ml) (Funakoshi Co., Ltd., Japan). All samples were stored at -20°C until analysis.
ALP activity was assayed using a commercial ALP kit (Liquitech ALP, Roche Diagnostics Co., Ltd., Japan) with an automatic analyzer (Automatic Analyzer 7060, Hitachi Ltd., Tokyo, Japan). Quantitative measurement of ALP isoenzyme activity (BALP, LALP, and CALP) was performed by the method previously reported by Syakalima et al. [15] .
Polyacrylamide gel disk electrophoresis was performed using a commercially available kit (AlkPhor System, Jokoh Co., Ltd., Japan) according to the manufacturer's instructions. The collected sera and supernatant samples were used for electrophoresis. The extracts from the livers and bones of the healthy dogs were used as LALP and BALP controls, respectively. In the present study, the migration patterns of ALP isoenzyme in the sera from the healthy dogs were regarded as the normal control.
Wheat germ agglutinin (WGA) has been reported to bind sialic acid and N-acetylglucosamine in the sugar chains of BALP and CALP and result in precipitation of these isoenzymes [13] . The samples were mixed with the same volume of WGA (5 mg/ml in distilled water) (Wako Pure Chemical Industries, Ltd., Japan). The mixture was incubated at 37°C for 30 min and centrifuged at 3,000 rpm for 10 min. Its supernatant was used in ALP quantitive analysis and electrophoresis to identify ALP isoenzymes with a specific sugar chain sensitive to WGA; these were normally BALP and CALP [14] .
Levamisole hydrochloride (Wako Pure Chemical Industries, Ltd., Japan) was added to samples or substrate buffer at final concentrations of 4.2 mM to inhibit TNALP activity [5] .
PI-PLC was added to samples at a final concentration of 0.2 U/ml, and the samples were then incubated at room temperature overnight. This mixture was used for electrophoresis to detect the presence of high molecular ALP because PI-PLC cuts off GPI-anchor and makes its migration distance increase [12] .
Samples were mixed with the same volume of 10 mM MgCl 2 solution, heated at 65°C for 30 min in a water bath, and then cooled on ice. The heated samples were used for electrophoresis to detect the presence of thermostable ALP isoenzymes including PALP, GCALP, and their variants [2, 11] .
The serum activities of LALP and CALP from the dog with HCC were 7527 IU/l, 2293 IU/l, respectively. The ALP isoenzyme activities from the supernatant of ascitic fluid were almost identical. The ALP isoenzyme activities from the tumor tissue extracts were much higher than those from normal liver extracts (Table 1 ).
In the electrophoretic migration patterns from the healthy dogs, an LALP band was sharply present on the anode side as a single line and the BALP and CALP bands were obscurely present on the cathode side ( Fig. 1 Cont. ). However, in the serum of the dog with HCC, a normal sharp LALP band and very wide, broad abnormal band were found (Fig. 1S ). The supernatant of ascitic fluid showed the same migration pattern as the serum (Fig. 1A) . The migration pattern of the tumor tissue extracts from both of primary and metastatic lesions also had the same abnormal broad band without an LALP band ( Fig. 1 Tp and Tm). The abnormal band was resistant to all treatments, including WGA treatment, levamisole inhibition, PI-PLC treatment, and heat inactivation at 65°C for 30 min (Fig. 2 ). Abnormalities, such as a decreased migration distance of the LALP band and abnormal bands, were also found in several sera from the other tumor cases and hepatic-diseased cases ( Figs. 3 and 4 ). However, the migration distance of LALP was normalized by WGA and PI-PLC treatment, and the abnormal bands disappeared after heat inactivation. Electrophoresis showed no apparent relationship for these abnormalities among the types of diseases, severity and prognosis of the diseases, and ALP isoenzymes and other liver enzyme activities (data not shown).
Several reports have referred to the efficacy of serum ALP isoenzyme analysis on specific canine neoplasia, including osteosarcoma [1] , mammary gland tumor [7] , and lymphoma [18] . However, there was only one report about ALP isoenzyme patterns of serum and tumor tissue extracts from a tumor-bearing dog diagnosed with lymphoma with neoplastic infiltration of the liver, and this study used cellulose-acetate electrophoresis [4] . The report concluded that the abnormal ALP isoenzyme was identical to CALP. Therefore, the increase of ALP activity in the sera from tumor-bearing dogs was attributed to CALP activity induced by excess endogenous glucocorticoid resulting from stress reaction [17] .
However, interestingly, we found an abnormal thermostable ALP isoenzyme in the dog with HCC in this study. The LALP activities in the serum and ascitic fluid of the dog were high, but were low in the tumor tissue extracts. An LALP band was detected by electrophoresis in the serum and ascitic fluid, but not in the tumor tissue extracts. This means that the LALP did not originate in the tumor tissue.
In addition, the proportion of BALP and CALP activities in the tumor tissue extracts was higher than those in the serum and ascitic fluid. ALP isoenzymes precipitated by WGA are calculated as BALP [13] , and we found these in extracts from not only bone but also many organs including the liver (data not shown). On the other hand, CALP measurement by levamisole inhibition is based on CALP's resistance to levamisole [5] . The abnormal isoenzyme was thought to be calculated as CALP activity because the abnormal band had the chacteristics of resistance to levamisole inhibition based on the results of electrophoresis. Therefore, this isoenzyme was thought to originate from the tumor tissues.
Moreover, this isoenzyme was similar to PALP and GCALP with regard to its resistance to all treatments, especially heat inactivation at 65°C for 30 min. PALP and GCALP have only been reported in humans, and have unique properties including resistance to heating at 65°C for 30 min [2, 11] . This isoenzyme detected in this study might be identical to PALP or GCALP. In this study, we could not detect the thermostable isoenzyme in the other tumor cases or hepatic-diseased cases although a decreased migration distance of the LALP band and abnormal bands were found in some of them. These abnormalies were not thought to be specific to malignant tumors because they appeared in non-tumor diseases and showed no relationship with the type of disease, severity, and prognosis. However, the decreased migration distance of the LALP band seemed to be associated with a GPIanchor because the abnormality was normalized by PI-PLC treatment. The shortened LALP migration distance might be identical to that of high-molecular ALP reported in sera from patients of hepatic tumors or disease [12] . The thermolabile abnormal bands were thought to be CALP with varient sugar chain structures because their characteristics were similar to those of CALP apart from migration distance. Changes in sugar chain structures have been reported in serum ALP from human patients with tumors and cirrhosis [3, 10] . In this study, a thermostable ALP isoenzyme was found in only one dog with HCC, and we could not detect this isoenzyme in either hepatic-diseased or other tumor-bearing dogs. Accordingly, this isoenzyme might be associated with highly malignant HCC. However, further studies are required to focus on the clinical properties of this isoenzyme in detail.
